SUMMARY To provide an understanding of the clinical characteristics of patients with acute myocardial infarction (MI) and bundle branch block, experience from five centers was accumulated. Patients in whom bundle branch block first appeared after the onset of cardiogenic shock were excluded. In 432 patients, the most common types of block were left (38%) and right with left anterior fascicular block (34%). In 42% of the patients, bundle branch block was new. Progression to high degree (second or third degree) atrioventricular (AV) block via a Type II pattern occurred in 22% of the patients.
ACUTE CORONARY CARE with continuous electrocardiographic monitoring has resulted in a significant reduction in deaths from arrhythmias during acute myocardial infarction.1-3 Whereas the precipitating factors, natural history, and therapy for ventricular irritability and tachyarrhythmias are wellestablished,2 4-6 a comparable understanding of disturbances of intraventricular and atrioventricular (AV) conduction has not been achieved. It is recognized that in acute myocardial infarction complicated by bundle branch block, both mortality and the risk of complete heart block are increased. This is presumably a result of large extent of infarction necessary to involve the bundle branches.7 30 Data from several institutions provide information about the varieties of conduction disturbances and the result-ing hospital mortality.7-29 However, the numbers of patients in most of these studies are small; the groups of patients are not homogeneous, particularly with respect to infarct location and types and timing of onset of bundle branch block; and blocks which occur in the terminal phases of shock have often been included. These shortcomings have not permitted clear identification of patients at risk of progression to higher degrees of heart block or the contribution of the intraventricular conduction disturbances to the risk of dying.
Therefore, a multicenter project involving five institutions was designed to develop a common data bank containing a large number of patients with bundle branch block during myocardial infarction. This study presents the clinical characteristics of the patients and the hospital and first year follow-up mortality. The 679 myocardial infarction complicated by the presence of bundle branch block. At the institutions where data were prospectively stored in a computerized data bank, patients were identified by searching for both documented myocardial infarction and bundle-branch block. Information was then retrieved from the computer and from the medical records of each patient. At the institutions where no data bank existed, patients were identified from coronary care unit records, and the medical records were examined. A flow sheet was constructed to record information pertaining to each patient's age, sex, infarct location, presence and dates of old electrocardiograms, electrocardiographic evidence of prior infarct, type and timing of onset of intraventricular and AV blocks, worst Killip Class of heart failure, use of temporary and permanent pacemakers, status of conduction at discharge, causes of death during hospitalization, and follow-up data for a minimum of one year. Extensive efforts were made to render the identification of patients and the subsequent collection of data uniform at all institutions by reference to definition of the variables which had been entered prospectively into the Duke University computerized data bank. In addition, the data collection was completed by one of us reviewing all the primary data. Prior reports of patients with bundle branch block during myocardial infarction had come from the above institutions 14, 19, 24, 30 but some patients previously included were excluded from this study because of inadequate data to meet the requirements of documented myocardial infarction or bundle branch block as specified in this study, or because of the lack of at least one year follow-up. Additional patients were also added from each of the institutions. The description of the patients by hospitals and years accumulated is shown in table 1.
A majority of the patients were admitted because of a clinical history of chest pain which suggested acute myocardial infarction. A definite diagnosis of myocardial infarction was made if there were accompanying evolutionary electrocardiographic changes (ST-T wave changes and Q waves), and/or characteristic changes of serum enzymes (SGOT, LDH and CPK; or in recent years, isoenzymes of LDH and CPK) in the absence of other possible causes for elevation of these enzymes. If a patient was admitted more than once for a myocardial infarction, only the first admission in which the infarction was complicated by bundle branch block was analyzed. Subsequent admissions and complications were included with follow-up data. Patients with permanent pacemakers inserted before their acute infarctions were excluded from the study. All available electrocardiograms for each patient were reviewed, including tracings before the infarction. Patients were continuously monitored in coronary care units during the acute phase of their infarctions, and had daily 12 lead electrocardiograms and frequent rhythm strips taken for at least the first three days. All tracings, including hourly monitoring strips when available, were analyzed for infarct location and the status of intraventricular and AV conduction.
The location of old and new infarctions was noted according to the criteria of Lipman and Massie3l and included anterior, inferior, posterior and lateral. These criteria plus evolutionary ST-T wave changes in the appropriate leads were required to document and specify the site of infarction. Site was considered indeterminant when there were only ST segment or T wave changes or when the presence of bundle branch block prevented evaluation of the QRS.
The presence and type of intraventricular defect was determined according to the criteria of Rosenbaum32 and Hecht et al. 33 All patients had at least one electrocardiogram with QRS prolongation > 0.12 sec during AV association. Patients with rate-dependent bundle branch block were excluded. The specific types of blocks and their definitions are as follows: 1) right bundle branch block (RBBB) requires a QRS duration . 0.12 sec with terminal forces directed anterior and rightward; 2) left bundle branch block (LBBB) requires a QRS duration > 0.12 sec with terminal forces directed posterior and leftward; 3) RBBB plus left anterior fascicular block (LAFB) is defined as RBBB with a leftward QRS axis between -30 and -90Q, with the axis abnormality not a result of pathologic Q waves; 4) RBBB plus left posterior fascicular block (LPFB) is defined as RBBB with a rightward QRS axis between + 120 and + 180°in the absence of lateral wall infarction, right ventricular hypertrophy or history of symptomatic chronic lung disease or cor pulmonale; and 5) alternating bundle branch block (ABBB) requires the presence of RBBB and LBBB or RBBB plus both LAFB and LPFB on serial electrocardiograms during infarction. The terms unifascicular, bifascicular, and trifascicular block are used as defined by Rosenbaum.32 The status of AV conduction was noted in all patients. First degree (10) In evaluating hospital mortality after myocardial infarction with bundle branch block, a control group of 887 patients who never had bundle branch block Duke Computerized Data Bank. Infarct location, worst Killip class of heart failure, and electrocardiographic evidence of old myocardial infarction were noted in these patients. The interaction of these variables in determining hospital mortality was examined and compared to the patients with bundle branch block during myocardial infarction.
Follow-up data were obtained from hospital records, return visits to the hospital, private physicians or clinics, or by verbal and/or written contact with patients, their families, or their physicians. The incidence of recurrent myocardial infarction, power failure or new conduction defects was noted. For the patients dying during the follow-up period, the circumstances surrounding the death were determined from an immediate observer, from an attending physician, or from hospital records. The causes of death were categorized as follows: 1) documented recurrent myocardial infarction, 2) refractory congestive heart failure, 3) other cardiovascular causes, 4) unrelated causes, 5) unknown causes and 6) sudden death. The cause of death was listed as sudden if, in the absence of a gradually deteriorating clinical situation, the time interval from the onset of symptoms to death was less than 2 hours. Follow-up for at least one year after myocardial infarction complicated by bundle branch block was obtained in all patients.
Differences between subsets of patients compared were tested for significance utilizing two-way tables and the standard chi square distributions. P values < 0.05 were considered to be statistically significant.
Results
Criteria for inclusion in this study were met by 494 patients consecutively admitted to the five institutions during the years shown in table 1. An additional 10 patients met criteria for acute myocardial infarction and bundle branch block but were lost to follow-up before one year after discharge. In 62 of the 494 patients (12%), cardiogenic shock occurred before the development of intraventricular or AV blocks. The remaining 432 time of discharge and another 29 (9%) were discharged with unifascicular block of the anterior or posterior fascicles of the left bundle branch. Forty-two patients (14%) were discharged with-RBBB. The remaining 166 patients (54%) had bifascicular block at discharge.
Bundle Branch Block Table 3 shows the incidence of the various types of bundle branch block and the timing of onset of the blocks. LBBB was observed in 163 patients (38%) and RBBB + LAFB in 149 patients (34%). The remaining 120 patients demonstrated one of the other intraventricular conduction disturbances (RBBB, RBBB + LPFB, or ABBB). In 180 patients (42%) bundle branch block was definitely new, and in 91 patients (21%) bundle branch block definitely preceded the infarction.
In 53 patients, unifascicular block involving the anterior or posterior fascicles of the LBBB was the initial intraventricular conduction disturbance. Since the patients were selected by having had a QRS duration > 0.12 sec at some time during the course of infarction, RBBB + LAFB or RBBB + LPFB subsequently developed in 34 of these patients, LBBB in 15 patients, and ABBB in the four other patients. Isolated RBBB was initially observed in 58 patients. Twenty-two of these patients developed bifascicular block (RBBB + LAFB or RBBB + LPFB); two patients progressed to ABBB; and 34 patients maintained their RBBB without bi-or trifascicular blocks.
Of 309 patients discharged from the hospital, 72 (23%) had normal intraventricular conduction at the AV Block Only 208 patients (48%) maintained normal AV conduction throughout the course of their myocardial infarctions. First degree AV block occurred in 169 patients (39%). Of these patients, 101 (60%) never progressed beyond 10 Fifty-four percent of patients never developed power failure despite bundle branch block complicating myocardial infarction: 15% remained free of heart failure (worst Killip Class I) and another 39% had, at Table 5 summarizes hospital, first-year follow-up, and total one-year mortality in different subsets of patients. Patients with documented previous myocardial infarctions had a significantly higher hospital mortality than patients without previous infarctions (42% vs 25%, P < 0.001). Patients with acute inferior or posterior infarctions had a 17% hospital mortality, while patients with acute anterior or indeterminant location infarcts had a 31% mortality (P < 0.01).
Patients with ABBB or RBBB + LPFB had a higher hospital mortality than patients with the other intraventricular conduction defects (40% vs 26%, P < 0.025). Table 6 shows that this increased mortality is a result of a 41% hospital mortality rate in 46 patients with new RBBB + LPFB or new ABBB. In contrast, 43 patients with old RBBB + LAFB had an 18% hospital mortality. Patients with old, indeterminant, or new onset blocks otherwise had similar mortality rates (26-29%).
Hospital mortality was directly related to the degree of heart failure. Only 7% of patients with no heart failure or, at worst, mild heart failure died, compared to 27% of patients with pulmonary edema and 83% of patients with cardiogenic shock. Thus, the development of power failure subsequent to conduc- The 95 patients who progressed to high degree AV block had more than two times the hospital mortality of patients who never progressed beyond 10 AV block (47% vs 23%, P < 0.001). In these patients, mortality was increased whether the AV block was isolated Type II 20 AV block (43%), 30 AV block preceded by Type II block (50%), or 30 AV block without preceding 20 AV block (55%); or whether the infarct was inferior or posterior (41%) or anterior or indeterminant (55%).
The influence of high degree AV block, power failure and infarct location on hospital mortality is demonstrated in table 8. Only 2% of the 198 patients who never developed high degree AV block and had, at worst, Killip class II failure, died, whereas 31% of 36 patients with high degree AV block but no power failure died (P < 0.005). Nine of the 11 deaths in this Hospital mortality was 1) 9% in patients with inferior or posterior infarctions, compared to 14% in patients with anterior or indeterminant location infarctions; 2) 14% in patients with prior infarctions, compared to 10% in patients without prior infarctions; and 3) 49% in patients with power failure, compared to 2% in patients without significant heart failure. When these variables were examined together, mortality was low (0-7%) in all patients without power failure, and high (40-57%) Table 9 compares hospital mortality in patients with and without bundle branch block during acute myocardial infarction. The incidence of power failure was higher in patients with bundle branch block than in those without blocks (46 vs 21%, P < 0.0001), but the mortality associated with the development of power failure was similar for patients with and without bundle branch block, regardless of infarct location. Although low, mortality in patients with bundle branch block but no power failure (7%) was higher than in patients with neither bundle branch block nor power failure (2%) (P < 0.001).
Follow-Up
The mortality rate during the first year of follow-up was 28% in the 309 patients discharged from the hospital after myocardial infarction and bundle branch block but no shock prior to major conduction defects (table 2) . Forty-five patients (15%) died suddenly, 22 (7%) died of power failure and 19 (6%) died from other cardiovascular and non-cardiovascular causes. Nineteen patients had documented recurrent myocardial infarction, and 13 of these patients (68%) died.
First year follow-up mortality was not significantly influenced by the amount of heart failure during infarction (table 10) . Twenty-five percent of patients without power failure before discharge died during the year following their infarction, while 33% of patients with power failure died (P < 0.1).
Patients with previous myocardial infarctions had higher first year follow-up and total mortality rates than patients without prior infarctions (follow-up 38% vs 26%, P < 0.001; total 64% vs 44%, P < 0.001).
First year follow-up and total mortality was lower in patients with inferior or posterior infarctions than in patients with anterior or indeterminant infarctions (follow-up, 17% vs 31%, P < 0.05; total, 31% vs 52%, P < 0.001). Mortality rate during the year following infarction was highest in patients with indeterminant location infarcts (46%), reflecting a higher incidence of death during the first year of follow-up in patients with LBBB or ABBB (33%) compared to patients with RBBB, RBBB + LAFB, or RBBB + LPFB (23%) (P < 0.05).
Fifteen percent of the patients with normal intraventricular conduction at the time of discharge from the hospital after myocardial infarction died during the subsequent year, and 14% of the patients discharged with LAFB or LPFB died during the first year of follow-up. Patients discharged with RBBB (24% mortality) or bifascicular block (37% mortality) had a significantly higher mortality than the patients discharged without bundle branch block (P < 0.001).
Discussion
Bundle branch block has been reported to be present at some time during hospitalization in 13% of patients with acute myocardial infarction. 25 15-20%.37 The 28% mortality rate in the 432 patients with bundle branch block is significantly higher than the 12% mortality for a control group of patients without bundle branch block; however, this mortality rate is lower than the 44% mortality (range 19-74%) for bundle branch block during myocardial infarction reported in the literature.7-29 The wide range of mortality figures and the difference between this study and those previously reported probably reflects different CCU populations and our exclusion of patients with bundle branch block occurring as a preterminal event in the setting of severe power failure, since complete heart block, asystolic arrest, and ventricular arrhythmias all commonly occur in this setting even in the absence of bundle branch block.
The specific types and timing of onset of bundle branch block have been noted in the literature to influence hospital and follow-up mortality, but the results have been variable. Some studies have demonstrated a lower mortality in patients with LBBB than in patients with isolated RBBB or bifascicular block involving the right bundle branch;9' 18, 26, 29 however, other studies, including this one, have demonstrated equal or higher mortality with LBBB, often associated with larger areas of infarction and severe three vessel coronary artery disease.14' 22, 24 In their review of the literature, Mullins and Atkins25 found that mortality rates were similar for the various blocks (44-57%), and was highest for the small number of reported patients with RBBB + LPFB. This is similar to the results of this study, in which the hospital and total one-year mortality in patients with RBBB and LPFB is exceeded only by the mortality rates of ABBB.
Since chronic intraventricular conduction disturbances are more often the result of fibrosis of the conduction system rather than atherosclerotic cardiovascular disease,38 the incidence of death due to power failure during myocardial The fact that patients with bundle branch block have a high incidence of power failure and die as a CIRCULATION result of progressive and irreversible hemodynamic deterioration has been stressed in the literature.7 29 This study confirms the common occurrence of pulmonary edema and cardiogenic shock in patients with bundle branch block during acute myocardial infarction, as the incidence of power failure in this study is significantly higher than the incidence in a control group without bundle branch block during infarction. This higher incidence of power failure in patients with myocardial infarction complicated by bundle branch block is probably due to 1) the extensive myocardial damage necessary to cause involvement of the intraventricular conduction system when the bundle branch block is new, and 2) the presence of underlying myocardial and/or coronary artery involvement when the block is old. The risk of dying is slightly higher if both power failure and high degree AV block occur with bundle branch block (65%) than if only power failure occurs (50%); however, the hospital mortality of patients with power failure is similar with and without bundle branch block (53% and 49%). Thus, the poor prognosis for most patients with bundle branch block and power failure is a result of the extent of myocardial damage causing pulmonary edema or cardiogenic shock rather than the result of the conduction disturbance.
The observation that nearly half of the patients with bundle branch in this study had either no heart failure or, at worst, mild heart failure, should be emphasized, for in this group of patients high degree AV block influences mortality independently of power failure. Death during myocardial infarction not complicated by power failure is usually due to ventricular fibrillation, sudden apparent electromechanical dissociation,42 or non-cardiovascular causes. In patients with bundle branch block, the abrupt development of bradyarrhythmias due to advanced AV block may cause death in the absence of power failure. Indeed, in this study, mortality-was higher in patients with bundle branch block and no power failure than in a control group of patients with neither bundle branch block nor power failure. This increased mortality was due to high degree AV block: While only 2% of patients with neither power failure nor high degree block died in the hospital, 28% ( 
